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THE RESEARCH CONTRIBUTIONS OF 
RICHARD BELLMAN 
Richard Bellman was lost to the scientific world on March 19, 1984. He will be remembered 
as a giant of the mathematical sciences of this century. Throughout the world, he was considered 
America’s most important mathematician. He personally knew and was respected by mathe- 
maticians in almost every country. Who was this man? 
He was a Professor of Mathematics, Electrical Engineering, and Medicine at the University 
of Southern California and Professor of Applied Mathematics at the Center for Applied Math- 
ematics of the University of Georgia where he had just been offered an endowed chair to assist 
in a new $30 million Center for Computational Studies with a Cyber 205 supercomputer. 
Prior to going to USC in 1965, he was a Research Mathematician at the Rand Corporation 
for ten years. He was also on the faculty of Stanford University and Princeton University, where 
he earned his Ph.D. under Professor S. Lefschetz in a record time of three months. His doctoral 
thesis, resulting in his first major work entitled Srubiliry Theory of Differential Equations, and 
published as a book by McGraw-Hill in 1953 is regarded as a classic in the field. 
As computers grew in power, Bellman felt the time was ripe for attacking biological and 
medical problems and began thinking about the distribution of drugs in the human body. He 
soon saw that the relevant differential-difference equations had not been treated numerically. 
In seeking an efficient way of handling this, he did successive approximations simultaneously 
to avoid storage. He motivated many graduate students into computers, control theory and 
dynamic programming with frequent alks over many years. A frequent remark in lectures 20 
and 25 years before his death was that all educated people should know computers. He influenced 
considerably the use of computers in medicine and throughout hospitals, and his encyclopedic 
knowledge of mathematics made it more than implementation of the data storage and recall 
function. Applications included medical diagnosis, psychotherapy, chemotherapy, pharmacol- 
ogy and hospital management via computer-assisted models. He brought about an awareness 
of the relationships to control theory (side effects viewed as a control problem in getting a 
therapeutic level at one point and nontoxic levels at all points), delay equations (time-lag effects 
in drug administration, partial differential equations over irregular regions (since organs are 
neither symmetrical nor homogeneous), scan-rescan processes and dynamic programming (tumor 
location), radiative transfer techniques and radiation dosimetry. His applied mathematics pro- 
gram at USC emphasized invariant imbedding and numerical solution of functional equations, 
and he constantly pushed for computers in medical education. 
The evolution of computers and of robotics leads to questions of artificial intelligence 
which he discussed in An Introduction to Artificial Intelligence-Can Computers Think? (Boyd 
and Fraser Company, San Francisco, 1978) and decision processes (deterministic as well as 
those involving chance events). He devoted much thought o consciousness and learning and 
the idea of treating learning as a change of an initial probability distribution on the basis of 
observation. He hoped to apply the combination of the theory of fuzzy systems and computer 
simulation to study processes of the social sciences and increase the use of mathematics from 
the inanimate to the animate. 
Few in our society seem to realize the value of mathematical thinkers; however, mathe- 
maticians like Bellman offer much indeed. They can relate to the modeling of systems, to the 
dynamics, to control mechanisms tobring about desired objectives, to the flow of information, 
to interaction between systems, to data input required, to analytical solution and to precise 
questions for a deeper understanding. Aided by computers and the rapidly developing mathe- 
matics of nonlinear stochastic dynamical systems which he also assisted and motivated, we can 
look to understanding of national and world economy, to intelligent computers and robotics, 
to better medical diagnosis and to unforeseen advances in the next century. 
He was much concerned with efficient numerical algorithms and time and memory saving 
methods. Some are dealt with in a 1985 Reidel book on partial differential equations. The 
numerical solution of nonlinear (and stochastic) partial differential equations plays a prominent 
role in weather forecasting, optimal control theory, radiative transfer, biology, the fluid me- 
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chanics of aircraft shapes and engine design and many other problems. The standard methods 
used require tremendous computer time and storage. In the above book he presents techniques 
which can be applied in a large number of cases to circumvent those difficulties and considers 
specifically applications in fluid flow, turbulence and biology. 
In problems relating to pattern recognition, optimal drug administration, construction of 
prosthetic devices, etc., he saw early the need for rapid-access torage and speed of execution. 
This need is now rapidly leading to parallel processors and "supercomputers." He understood 
the scheduling theory involved in designing effective computational lgorithms for a complex 
of processing elements. 
Richard Bellman was respected around the world as one of America's great mathematicians 
and one of the world's important mathematicians of the century. His prolific works will influence 
generations of researchers and students. Yet, those who were privileged to work most closely 
with him in research and writings realize particularly how much more the man was than all his 
published works despite the prolific output. His output was so great hat its complete assimilation 
and assessment may take decades. His ideas were fundamental in control theory and applications. 
Bellman's contributions have resulted in numerous awards including honorary doctorates from 
universities in several countries. In 1970 he was awarded the first Norbert Wiener International 
Prize in Applied Mathematics, a joint prize of the American Mathematical Society and the 
Society of Industrial and Applied Mathematics, in 1970, the first Dickson Prize of Carnegie- 
Mellon University in 1970, the first ALZA Distinguished Lectureship award of the Biomedical 
Engineering Society in 1972, a Doctor of Science degree from the University of Aberdeen, 
Scotland in 1973, Doctor of Laws from U.S.C. in 1974, Doctor of Mathematics from the 
University of Waterloo, Canada 1975, Fellow of the American Academy of Arts and Sciences 
in 1975, the von Neumann Award of the Institute of Management Sciences and the Operations 
Research Society of America in 1976, member of the National Academy of Engineering in 
1977, the Heritage Award of the American Control Society and member of the National Academy 
of Sciences in 1983. He wrote 640 papers and 41 books. He was on the editorial board of some 
20 international journals, and editor of the Mathematics in Science and Engineering series of 
Academic Press, editor of the Journal of Mathematical Biosciences, and the Chief Editor of 
the Journal of Mathematical Analysis and Applications. 
He worked with people around the world and assisted and influenced and motivated 
uncounted researchers. In his later life (he was only 62 when he died), he labored under severe 
disability, yet kept up his output and collaboration (the Reidel book on nonlinear partial dif- 
ferential equations went to press just before his sudden death). During the difficult years of 
physical disability, he authored or co-authored over 10 books and 50 research papers, including 
a book on Mathematical Aspects of Scheduling and Applications, and two recently completed 
works--one on Mathematical Methods in Medicine and the book on Nonlinear Partial Differ- 
ential Equations. Even in the month of his death, he co-authored an expository paper on Fuzzy 
Dynamic Programming published in the TIMS Studies in the Management Sciences and was 
involved with various colleagues on five ongoing books and was planning several with the 
author. 
During his handicapped years, he diverted his attention to a project designed to bring 
microcomputers into the institutions and homes of the handicapped in which the handicapped 
were intelligently defined to include the gifted, the elderly and the institutionalized. 
From his work in Los Alamos, Bellman realized the equations of radiative transfer were 
the same as the equations of neutron diffusion. From Chandrasekhar's 1955 book on radiative 
transfer, Bellman grasped immediately the creative ideas on invariants of Victor Ambartzumian, 
the Armenian astrophysicist in the U.S.S.R., and developed what he called dynamic program- 
ming. It was clear that Ambartzumian's method could be very useful for many parts of math- 
ematical analysis and mathematical physics, and Bellman applied it immediately to computers 
which led to work on invariant imbedding and several books by Bellman et al. Dynamic 
programming allows solution of a number of important problems in optimal allocation and 
optimal policies, and many future uses will grow out of it. His contributions to control theory 
were instrumental in the Automatic Control Division of the Institute of Electrical and Electronics 
Engineers naming their most prestigious award as the "Bellman Control Heritage Award." He 
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pioneered the application of simulation to business games--a management laboratory for testing 
new ideas. He led the way to the development of the field now known as "Expert Systems" 
through his work in artificial intelligence. He worked with Zadeh and others in the new field 
of fuzzy sets and decision processes--a field with important implications for robotics and 
computer-aided decision making. 
Richard Bellman, often characterized as a Renaissance Man because of the global nature 
of his contributions, was clearly a giant in many fields. He made very valuable contributions 
to operations research; the best known, of course, is dynamic programming. His 1957 book 
was a mathematical "best seller," and the work has had a very significant impact on the field. 
To the last day, his mind was alive with surging ideas for new work. It was indeed a great 
loss. His nomination for the National Medal of Science was endorsed by hundreds of colleagues. 
We sincerely hope it will still be awarded and Nina Bellman, without whom his later productivity 
may have been lost, will be able to receive this much deserved award on his behalf. Then all 
his friends and students will consider his life and boundless energies fulfilled. The Bellman 
Continuum, an annual conference intended to maintain the tradition by his students, co-workers, 
and those he influenced, had its first meeting in 1985 at the University of Michigan organized 
by Semyon Meerkov. Thus the effects of his influence continue. The papers in this memorial 
volume show a small part of the areas of Bellman's interests and influence. 
On a personal note of the first editor, I had many rewarding discussions with Dick about 
my work on nonlinear stochastic systems, which he had followed from my dissertation on, and 
in which he showed intense interest. He was excited about he manuscript of the second volume 
on Stochastic Systemst and anxious to see the completion of the Applications volume in 
preparation since he saw so many consequences in new work. We spent much time discussing 
an intended series of joint books (on turbulence, stochastic nonlinear control, artificial intelli- 
gence, compartment modeling in medicine and others). These animated iscussions were exciting 
times. I felt he was a kindred soul because of our global interests in an age when everyone is 
a specialist--usually to the point where even mathematicians understand little of another's 
work--a sort of modem Tower of Babel. It is not generally known that he was partly Armenian-- 
another esult of the dispersion of Armenians by Turkish brutality (which finally ended in 
Genocide)--and he felt surprised and pleased when I showed him an article on his achievements 
from Armenian newspapers. I remember his immediate willingness to give his time and ideas 
to a student who wanted to meet him personally. It is hard to think those delightful discussions 
have ended. 
He was a fine man, immensely capable and creative with an unconquerable spirit, and his 
work continued seemingly at an ever accelerating pace to the end--or  possibly to the beginning 
of the work he motivated. 
The papers appearing in this memorial issue deal with a variety of topics which were 
created or influenced by Professor Bellman's ideas. Obviously, it is impossible to cover all or 
even most of the fields which he influenced in one way or another. We have included his 
complete bibliography for reference. 
This special issue is the joint effort of many contributors. In addition to the contributors, 
to whom we extend a special thanks for their effort, we also would like to thank the many 
reviewers whose contributions are not visible but certainly very essential. 
The special editors have had the privilege of knowing Dick Bellman, both personally and 
professionally for many years. Although Dick was well known professionally, Dick's personal 
side was known only to the privileged few. We would like to add that Dick not only "cast a 
giant shadow in sciencei" he was also a humanitarian and constantly concerned about the 
contributions of science to the betterment of mankind. 
Guest Editors 
G. Adomian 
E. S. Lee 
,~Academic, New York (1983) and (1986). 
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PUBLICATIONS OF RICHARD BELLMAN 
1. On Symmetric Means. Brooklyn College Math. Mirror (1940). 
2. On Infinite Radicals. Brooklyn College Math. Mirror ( 1941 ). 
3. Fourier Integrals. Duke Math. J, 10, 247-248 (1943). 
4. An Integral Inequality. Duke Math. J. 10, 547-550 (1943). 
5. Convergence of Nonharmonic Fourier Series. Duke Math. J. 10, 551-552 (1943). 
6. Almost Periodic Gap Series. Duke Math. J, 10, 641-642 (1943). 
7. The Stability of Solutions of Linear Differential Equations. Duke Math. J. 10, 643-647 (1943). 
8. A Generalization of a Zygmund-Bemstein Theorem. Duke Math. J. 10, 649-651 (1943). 
9. A Note on Periodic Functions and Their Derivatives. J  London Math. Soc. 18, 140-142 (1943). 
10. Random Summability and Fourier Series. Bull. Am. Math. Soc. 42, 732-733 (1943). 
I1. Lambert Summability of Orthogonal Series. Bull. Am. Math. Soc. 49,932-934 (1943). 
12. On the Divergence of ~' lip. Am. Math. Mon. 50, 318-319 (1943). 
13. A Note on Determinants and Hadamard's Inequality. Am. Math. Mon. 50, 550-551 (1943). 
14. A Stability Property of Solutions of Linear Differential Equations. Duke Math. J. 11, 513-516 (1944). 
15. Some Applications of the Fourier Integral to Generalized Trigonometric Series. Duke Math. J. 11. 703-713 
(1944). 
16. A Note on Mean Values. Univ. Nac. Tucuman, Revista A 4, 255-258 (1944). 
17. Almost-Orthogonal Series. Bull. Am. Math. Soc. 50, 517-519 (1944). 
18. A Note on an Inequality of E. Schmidt. Bull. Am. Math. Soc. 50,734-736 (1944). 
19. A Note on a Theorem of Hardy on Fourier Constants. Bull. Am. Math. Soc. 50, 741-744 (1944). 
20. On the Stability of Systems of Differential Equations. Proc. Natl. Acad. Sci. 32, 190-193 (1946). 
21. The Boundedness of Solutions of Linear Differential Equations. Duke Math. J. 14, 83-97 (1947). 
22. A Dirichlet Divisor Problem. Duke Math. J. 14.411-417 (1947). 
23. The Boundedness of Solutions of Infinite Systems of Linear Differential Equations. Duke Math. J. 14, 695-706 
(1947). 
24. On the Boundedness of Solutions of Nonlinear Differential and Difference Equations. Trans. Am. Math. Soc. 
62, 357-386 (1947). 
25. A Note on Relatively Prime Sequences. Bull. Am. Math. Soc. 53, 778-779 (1947). 
26. On the Average Value of Arithmetic Functions. Proc. Natl. Acad. Sci. 34, 149-152 (1948). 
27. On the Theory of Age-Dependent Stochastic Branching Processes. Proc. Natl. Acad. Sci. 34. 601-604 (1948), 
with T. E. Harris. 
28. The Algebraic Independence of Arithmetic Functions--l: Multip[icative Functions. Duke Math. J. 15, 229-235 
(1948), with H. N. Shapiro. 
29. Some Properties of Summation Kernels. Duke Math. J. 15, 1013-1019 (1948). 
30. On the Existence and Boundedness of Solutions of Nonlinear Partial Differential Equations of Parabolic Types. 
Trans. Am. Math. Soc. 64, 21-44 (1948). 
31. On a Problem in Additive Number Theory. Ann. Math. 49, 333-340 (1948), with H. N. Shapiro. 
32. On an Application of the Banach-Steinhaus Theorem to the Study of the Boundedness of Solutions of Nonlinear 
Differential and Difference Equations. Ann. Math. 49, 515-522 (1948). 
33. An Analog of an Identity Due to Wilton. Duke Math. J. 16, 539-545 (1949), 
34. Wigert's Approximate Functional Equation and the Riemann Zeta-Function. Duke Math. J. 16, 547-552 (1949). 
35. On the Existence and Boundedness of Solutions of Nonlinear Differential-Difference Equations. Ann. Math. 50, 
347-355 (1949). 
36. Algebraic Functions, Continued Fractions and the Pade Table, Proc. Natl. Acad. Sci. 35, 472-476 (1949), with 
E. Straus. 
37. Some Two-Person Games Involving Bluffing. Proc. Natl. Acad. Sci. 35,600-605 (1949), with D. Blackwell. 
38. Laplace Transform Solution of Two-Medium Neutron Aging Problem. Philos. Mag. XL, 297-308 (1949), with 
G. M. Wing and R. E. Marshak. 
39. A Note on the Summability of Formal Solutions of Linear Integral Equations. Duke Math. J. 17, 53-55 (1950). 
40. Ramanujan Sums and the Average Value of Arithmetic Functions. Duke Math. J. 17, 159-168 (1950). 
41. Generalized Eisenstein Series and Nonanalytic Automorphic Functions. Proc. Natl. Acad. Sci. 36, 356-359 
(1950). 
42. On Some Divisor Sums. Q. J. Math. 1, 136-146 (1950). 
43. On the Asymptotic Behavior of Solutions of u - (1 + f(t))u = O. Ann. Di Math., Series IV, XXXI, 83-91 
(1950). 
44. On the Functional Equations of the Dirichlet Series Derived From Siegel Modular Forms. Proc. Natl. Acad. Sci. 
37, 84-87 (1951). 
45. Red Dog, Blackjack, and Poker. Sci. Am. 184, 44-47 (1951). 
46. On a Nonlinear Equation Occurring in the Theory of Harmonic Viscous Flow. Q. Appl. Math. 9, 218- 223 ( 1951 ). 
47. Recurrence Times for the Ehrenfest Model. Pac. J. Math. 1, 179-195 (1951), with T. E. Harris. 
48. On Moment Spaces. Ann. Math. 54, 272-274 (1951), with D. Blackwell. 
49. On Approximate Expressions for the Exponential Integral and the Error Function. J. Math. Phys. XXX, 226- 
231 (1952). 
50. Scalar Functions of Matrices. Am. Math. Mon. LIX, 391 (1952). 
51. On Age-Dependent Binary Branching Processes. Ann. Math. 55, 280-295 (1952), with T. E. Harris. 
52. On Games Involving Bluffing. Rendiconti Del Circolo Matematico Di Palermo 1, 1-18 ( 1952), with D. BlackwelI. 
53. The Iteration of Power Series in Two Variables. Duke Math. J. 19, 339-347 (1942). 
54. The Theory of Dynamic Programming. Proc. Natl. Acad. Sci. 38, 716-719 (1952). 
55. On the Normal Order of Arithmetic Functions. Proc. Natl. Acad. Sci. 38, 884-886 (1952), with H. N. Shapiro. 
56. On the Integral Equation hf(x) = f~ K(x - y)f(y) dy. Proc. Am. Math. Soc. 3, 884-891 (1952), with R. 
Latter. 
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57. Notes on Matrix Theory--ll. Am. Math. Mon. 60, 174-175 (1953). 
58. On an Inequality Due to Weinberger. Am. Math. Mort. 60, 402-404 (1953). 
59. The Stability Theory of Differential-Difference Equations. Proceedings Symposium on Nonlinear Circuit Analysis, 
Brooklyn Polytechnic Institute. (1953), pp. 107-123, with J. M. Danskin, Jr. 
60. Some Functional Equations Occurring in the Theory of Decision Processes. RAND P-382 (1953). with T. E. 
Harris and H. N. Shapiro. 
61. On Computational Problems in the Theory of Dynamic Programming. RAND P-423 (1953), presented at Sym- 
posium on Numerical Methods, Santa Monica, (1953), pp. 1-10. 
62. On Some Variational Problems Occurring in the Theory of Dynamic Programming. Proc. Natl. Acad. Sci. 39. 
298-301 (1953), with 1. Glicksberg and O. Gross. 
63. On Bottleneck Problems and Dynamic Programming. Proc. Natl. Acad. Sci. 39, 947-951 (1953). 
64. A Generalization of Classical Probability Theory--I: Markov Chains. Proc. Natl. Acad. Sci. 39. 1075-1077 
(1953). 
65. Some Functional Equations in the Theory of Dynamic Programming. Proc. Natl. Acad. Sci. 39, 1077-1082 
(1953). 
66. Effects of Surface Tension and Viscosity on Taylor Instability. Q. Appl. Math. XII, 151-162 (1954), with R. 
Pennington. 
67. Some Problems in the Theory of Dynamic Programming. Econometrica 22, 37-48 (1954). 
68. On Some Variational Problems Occurring in the Theory of Dynamic Programming. Rendiconti Del Circolo 
Matematico Di Palermo, Serie !I, III, 1-35 (1954), with 1. Glicksberg and O. Gross. 
69. Limit Theorems for Noncommutative Operations--l. Duke Math. J. 21,491-500 (1954). 
70. On the Distribution of Squarefree Numbers in Small Intervals. Duke Math. J. 21,629-638 (1954). with H. N. 
Shapiro. 
71. Inequalities. Math. Mag. 28, 21-26 (1954). 
72. A Note on an Inequality of Ostrowski and Taussky. Arkiv Der Math. V, 123-127 (1954), with A. Hoffman. 
73. Some Applications of the Theory of Dynamic Programming--A Review. J. Oper. Res. Soc. 2,275-288 (1954). 
74. The Theory of Dynamic Programming. Bull. Am. Math. Soc. 60, 503-516 (1954) (invited address at Laramie, 
Wyoming). 
75. Some Problems in the Theory of Dynamic Programming--A Smoothing Problem. J. Soc. Ind. Appl. Math. 2, 
82-89 (1954), with I. Glicksberg and O. Gross. 
76. Some Combinatorial Problems Arising in the Theory of Multistage Processes. J Soc. Ind. Appl. Math. 2, 175- 
183 (1954). 
77. On the Continuous Gold-Mining Equations. Proc. Natl. Acad. Sci. 40, 115-119 (1954), with S. Lehman. 
78. Monotone Approximation i Dynamic Programming and the Calculus of Variations. Proc. Natl. Acad. Sci. 40, 
1073-1075 (1954). 
79. Some Applications of the Theory of Dynamic Programming to Logistics. Nav. Res. Log. Q. 1,141-154 (1954). 
80. Decision Making in the Face of Uncertainty--l. Nav. Res. Log. Q. 1,230-232 (1954). 
81. Decision Making in the Face of Uncertainty--lI. Nay. Res. Log. Q. 1,327-332 (1954). 
82. Bottleneck Problems, Functional Equations and Dynamic Programming. Econometrica 23, 73-87 (1955). 
83. On Perturbation Methods Involving Expansions in Terms of a Parameter. Q. Appl. Math. XIlI, 195-200 (1955). 
84. A Note on the Mean-Value of Random Determinants. Q. Appl. Math. XIII, 321-324 (1955). 
85. Notes on Matrix Theory--IV: An Inequality Due to Bergstrom. Am. Math. Mon. LXII, 172-173 (1955). 
86. Notes on Matrix Theory--Vl. Am. Math. Mort. LXII, 571-572 (1955), with I. Glicksberg and O. Gross. 
87. Notes on Matrix Theory--VII. Am. Math. Mon. LXII, 647-648 (1955). 
88. Some Functional Equations in the Theory of Dynamic Programmingml: Functions of Points and Point Trans- 
formation. Trans. Am. Math. Soc. 80, 51-71 (1955). 
89. Dynamic Programming and Multist Age Decision Processes of Stochastic Type. Proceedings of the Second 
Symposium on Linear Programming, Washington, D.C., 1955, pp. 229-249. 
90. Boundedness of the Solutions of Second Order Linear Differential Equations. Duke Math. J. 22, 511-514 (1955). 
91. Dynamic Programming and a New Formalism in the Calculus of Variations. Revista Di Parma 6, 193-213, 
(1955). 
92. Some Aspects of the Theory of Dynamic Programming. Scr. Math. 21,273-277, (1955). 
93. On an lterative Procedure for Obtaining the Perron Root of a Positive Matrix. Proc. Natl. Acad. Sci. 6, 719- 
725 (1955). 
94. Dynamic Programming and a New Formalism in the Calculus of Variations. Proc. Natl. Acad. Sci. 40, 231-235 
(1955). 
95. Dynamic Programming and a New Formalism in the Theory of Integral Equations. Proc. Natl. Acad. Sci. 41, 
31-34 (1955). 
96. On Some Nonlinear Integral Equations Occurring in the Theory of Dynamic Programming. Proc. Natl. Acad. 
Sci. 41,227-229 (1955). 
97. Functional Equations in the Theory of Dynamic Programming--lI: Nonlinear Differential Equations. Proc. Natl. 
Acad. Sci. 41,482-485 (1955). 
98. Functional Equations in the Theory of Dynamic Programming--V: Positivity and Quasi-Linearity. Proc. Natl. 
Acad. Sci. 41,743-746 (1955). 
99. A Functional Equation Arising in Allocation Theory. J. Soc. Ind. Appl. Math. 3, 129-132 (1955). 
100. Equipment Replacement Policy. J. Soc. Ind. Appl. Math. 3, 133-136 (1955). 
101. The Generalized Theta-Functions of Hecke, Siegel, and Maass, Abstract. Research Conference on the Theory. of 
Numbers, Caltech, June 22-24, 1955. 
102. On the Optimal Inventory Equation. Manage. Sci. 2, 83-104 (1955), with I. Glicksberg and O. Gross. 
103. Equilibrium Analysis, the Stability Theory of Poincare and Lyapunov and Extensions. Modern Mathematics for 
the Engineer, pp. 30-35. (1956). 
104. The Theory of Dynamic Programming. Modern Mathematics for the Engineer, pp. 243-278. (1956). 
105. On the "Bang-Bang" Control Problem. Q. Appl. Math. XIV, 11-18 (1956), with I. Glicksberg and O. Gross. 
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106. On an Inequality Concerning an Indefinite Form. Am. Math. Mon. LXIII. 108-109 (1956). 
107. Perturbation Methods Applied to Nonlinear Dynamics. American Society of Mechanical Engineers, Paper No. 
55-APM-33, (1956), pp. I-3. 
108. Some Non-Classical Problems in the Calculus of Variations. Proc. Am. Math. Soc. 7, 87-94 (1956). with I. 
Glicksberg and O. Gross. 
109. Dynamic Programming and its application to the Variational Problems in Mathematical Economics. Proc. Sym- 
posium in Calculus of Variations and Applications, American Mathematical Socie~. 1956, pp. 115-138. 
I10. On a Quasi-Linear Equation. Can. J. Math. g. 198-202 (1956). 
I11. A Note on the Dynamics of a Disordered Linear Chain. Phys. Rev. 101, 19 (1956). 
112. Notes on Dynamic Programming--IV: Maximization over Discrete Sets. Nay. Res. Log. Q. 3, 67-70 (1956). 
113. A Problem in the Sequential Design of Experiments. Sankhya 16, 221-229 (1956). 
114. Variational Problems with Constraints. Annali Di Matematica, Serie IV, 41. 301-323 (1956), with W. H. Fleming 
and D. V. Widder. 
115. Dynamic Programming. J. Soc. Ind. Appl. Math. Newslett. IV, 1 and 4, (1956). 
116. A Variational Problem with Constraints in Dynamic Programming. J Soc. Ind. Appl. Math. 4, 48-61 (1956). 
117. Mathematical Aspects of Scheduling Theory. RAND P-651, J. Soc. Ind. Appl. Math. 4, 168-205 (1956). 
118. On the Theory of Dynamic Programming--A Warehousing Problem. Manage. Sci. 2, 272-276 (1956). 
119. Dynamic Programming and the Smoothing Problem. Manage. Sci. 3, 111-113 (1956). 
120. On the Application of the Theory of Dynamic Programming tothe Study of Control Processes. Proc. Symposium 
on Control Processes, Polytechnic Institute of Brooklyn, April 1956, pp. 199-213. 
121. Converses of Schwarz's Inequality. Duke Math. J. 23, 429-434 (1956). 
122. On a Generalization f the Stieltjes Integral to Matrix Functions. Rendiconti Del Circolo Matematico Di Palermo, 
Serie 2, 5, 1-6 (1956). 
123. Functional Equations in the Theory of Dynamic Programming--Ill. Rendiconti Del Circolo Matematico Di 
Palermo, Serie 2, 5, 1-23 (1956). 
124. A Generalization f Some Integral Identities Due to Ingham and Siegel. Duke Math. J. 2,1, 571-578 (1956). 
125. On Explicit Solutions of Some Trinomial Equations in Terms of the Maximum Operation. Math. Mag. 30, 41- 
44 (1956). 
126. On a Class of Functional Equations of Modular Type. Proc. Natl. Acad. Sci. 42. 626-629 (1956). 
127. On the Principle of Invariant Imbedding and Propagation Through Inhomogeneous Media. Proc. Natl. Acad. Sci. 
42, 629-632 (1956), with R. Kalaba. 
128. Dynamic Programming and Lagrange Multipliers. Proc. Natl. Acad. Sci. 42. 767-769 (1956). 
129. Hydrodynamical Stability and Poincare-Lyapunov Theory. Proc. Natl. Acad. Sci. 42, 867-870 (1956), with G. 
M. Wing. 
130. On a Class of Variational Problems. Q. Appl. Math. XIV, 353-359 (1957). 
131. Notes on Matrix Theory--X: A Problem in Control. Q. Appl. Math. 14, 417-419 (1957). 
132. Notes on Control Processes--I: On the Minimum of Maximum Deviation. Q. Appl. Math. 14, 419-423 (1957). 
133. Notes on Matrix Theory--IX. Am. Math. Mon. LXIV, 189-191 (1957). 
134. Functional Equations in the Theory of Dynamic Programming--Vl: A Direct Convergence Proof. Ann. Math. 
65, 215-223 (1957). 
135. Formulation of Recurrence Equations for Shuttle Process and Assembly Line. Nay. Res. Log. Q. 4, 321-326 
(1957). 
136. On a Generalization f the Fundamental Identity of Wald. Proc. Cambridge Philos. Soc. 53, 257-259 (1957). 
137. On Some Applications of Dynamic Programming to Matrix Theory. Ill. J. Math. 1,297-301 (1957). 
138. On the Linear Differential Equation Whose Solutions are the Products of Solutions of Two Given Linear Differential 
Equations. Bull. Unione Matematica ltaliana, Serie 3, 12, 12-15 (1957). 
139. On the Role of Dynamic Programming in Statistical Communication Theory. IRE Trans. of Professional Group 
on Information Theor?', Vol. IT-3, pp. 197-203 (1957), with R. Kalaba. 
140. On a Dynamic Programming Approach to the Caterer Problem--l. Manag. Sci. 3, 270-278 (1957). 
141. On the Computational Solution of Linear Programming Problems Involving Almost Block Diagonal Matrices. 
Manage. Sci. 3, 403-406 (1957). 
142, On Positive Definite Matrices and Stieltjes Integrals. Rendiconti Del Circolo Matematico Di Palermo, Serie 2, 
6, 254-258 (1957). 
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